














































ca.	 90	ka),	 highlight	 strong	 Mediterranean–North	 Atlantic	 climate	 teleconnections	 as	 well	 as	 the	 influence	 of	 low-latitude	 circulation	 patterns	 (Regattieri	 et	 al.,	 2015).	 In	 order	 to	 explore	 the	 environmental-
hydrological	changes	over	the	entire	early-to-middle	MIS	5	(MIS	5e	to	MIS	5c,	ca.	129‐–92	ka),	and	in	particular	the	intra-LIG	millennial	scale	variability,	in	this	study	we	extended	through	a	multiproxy	approach	(δ18O
and	δ13C	analysis,	CaCO3	content,	biogenic	silica	content,	XRF	major	and	minor	element	composition,	XRD-based	bulk	mineralogy	and	40Ar/39Ar	geochronology)	the	investigation	of	the	POP	section	back	to	ca.129	ka.




precipitation,	whereas	 variations	 in	 elemental	 and	mineralogical	 composition	 are	 inferred	 to	 reflect	 climatic-driven	 changes	 in	 clastic	 sediment	 input.	 The	 observed	 variations	 are	 consistent	 among	 the
different	proxies,	and	indicate	that	periods	of	reduced	precipitation	were	marked	by	enhanced	catchment	erosion,	probably	due	to	a	reduction	in	vegetation	cover.	The	first	part	of	the	Last	Interglacial	shows
the	most	negative	δ18O	values.	Comparison	with	pollen	records	from	the	Mediterranean	suggests	a	greater	seasonality	of	the	precipitation	at	this	time.	At	millennial-to-centennial	time	scales,	comparison	of






























Sulmona	POP	section Monticchio	record Marine	record POP	age	model	(ka)	±	2σ
Tephra Depth	(m) 40Ar/39Ar	age	(ka)	±	2σ	uncertainty Tephra Tephra Initial	age Modelled	age
POP1 0.935 92.4	±	4.6a TM-23-11 C-22 92.4	±	4.6a 93.4	±	4.5
POP2 9.690 TM-24-a 101.8	±	5.0b 101.8	±	1.8
POP2a 10.935 TM-24-b 102.8	±	5.1b 101.4	±	1.5
POP2b 11.335 TM-24-3b C-26 104.0	±	1.0b 103.3	±	1.4
POP3 14.935 106.2	±	1.3a TM-25 C-27/X-5 106.2	±	1.3a 106.6	±	0.9





























































































indicating	a	strong	 teleconnection	between	North	Atlantic	 temperature	and	ocean	circulation	patterns	and	Mediterranean	hydrology	 (Drysdale	et	al.,	2004,	2005,	2006,	2007,	2009;	Regattieri	et	al.,	2014a,	2014b,	2016a,	2016b;
Zanchetta	et	al.,	2012,	2014,	2016a,	2016b).	It	has	also	been	proposed	that	the	hydrological	significance	of	δ18O	of	Mediterranean	continental	carbonates	can	be	offset	by	the	effects	of	changes	in	the	isotopic	composition	of	the	sea
source	(Rohling	et	al.,	2015;	Marino	et	al.,	2015).	This	effect	can	be	particularly	important	during	major	climatic	shift,	such	as	a	deglaciation,	when	the	decrease	in	planktonic	δ18O	due	to	ice	melting	precedes	the	rise	in	sea-surface










































































Ti ‐−	0.85 ‐−	0.29 Ti
Zr ‐−	0.85 ‐−	0.25 +		0.98 Zr
Rb ‐−	0.79 ‐−	0.27 +	0.96 +	0.97 Rb
Si ‐−	0.67 ‐−	0.35 +	0.86 +	0.86 +	0.90 Si










































Ti/Al +	0.77 0.66 Ti/Al
K/Al +	0.58 0.67 +	0.17 K/Al
Si/Al ‐−	0.02 0.04 +	0.36 +	0.49 Si/Al
Sr/Al ‐−	0.03 0.06 +	0.51 +	0.48 +	0.61 Sr/Al














environmental	 changes	 revealed	by	others	proxies.	As	previously	discussed,	most	 of	 the	 calcite	 is	endogenic ,	while	quartz	 is	 related	 to	detrital	 input	 to	 the	 lake.	As	 silicate	 rocks	are	present	 only	marginally	 in	 the	 lake
catchment,	quartz	could	also	have	an	eolian	origin,	as	suggested	for	quartz-rich	loess	deposits	along	the	Apennine	(Giraudi	et	al.,	2013)	and	from	lakes	in	volcanic	settings	from	central	Italy	(Vico	and	Lagaccione	Lakes;	Narcisi,	2000).
Plotting	the	ratio	between	peak	areas	of	quartz	and	calcite	(Qz/Ct)	against	both	the	CI	and	δ18O	time	series	(Fig.	7)	the	general	features	of	the	CI	appear	well	replicated	in	the	Qz/Ct	curve,	with	an	increasing	trend	throughout	the


























central	Mediterranean	area.	Moreover,	 the	 comparison	 supports	 the	 chronology	proposed	 for	 the	POP	 record,	despite	 the	 relatively	high	uncertainty	 for	 the	 lower	part	 of	 the	 interval.	By	 considering	 this	good	chronological	 and
paleohydrological	consistency,	the	onset	of	lake	conditions	in	the	Sulmona	Basin	at	ca.	129	ka	could	be	conceivably	seen	as	the	environmental	response	to	the	increase	in	precipitation	which	cause	the	abrupt	decreasing	of	central	Italy
speleothem	δ18O	at	the	Eemian	onset	(129.0	±	1	ka,	Drysdale	et	al.,	2005	and	129.6	±	1	ka,	Regattieri	et	al.,	2016a).	Conversely,	the	peat	layer	at	the	bottom	of	the	POP	lacustrine	succession	may	be	likely	related	to	the	initial	stages	of
lake	 formation	 during	 the	 deglaciation	 that	 preceded	 the	Eemian	 and	 follows	 the	marked	 dry	 event	 at	 ca	 130.5‐–129.5	ka	 documented	 in	 Tana	 che	Urla	Cave	 (Regattieri	 et	 al.,	 2014a)	 and	 recently	 reinterpreted	 as	 hydrological
expression	of	the	North	Atlantic	Heinrich	event	11	(Regattieri	et	al.,	2016a).

































2007).	 The	 occurrence	 of	 these	 events	 also	 in	 the	 POP	 record	 for	 the	 LIG	 thus	 confirms	 the	 linkage	 between	 high-latitude	 climate	 and	Mediterranean	 hydrology	 under	 different	 climate	 boundary	 conditions	 (i.e.;	 glacials	 and
interglacials),	with	 cold/AMOC	slowdown	events	 in	 the	North	Atlantic	 triggering	 reduced	precipitation	 in	 the	Mediterranean.	These	 findings	also	add	 to	a	growing	number	of	paleoclimate	 records	 suggesting	 that	 large	Northern
Hemisphere	ice	sheets	are	not	a	fundamental	prerequisite	for	triggering	widespread	millennial	scale	climate	change.	Instead,	disruptions	of	the	AMOC	that	are	severe	enough	to	cause	drops	in	SST’'s	and	associated	water	vapour










amount	 in	the	high	altitude	catchment	of	the	paleo-lake,	with	 lower	values	 indicating	enhanced	precipitation	and	possibly	higher	seasonality	of	the	climate.	Timing,	amplitude,	and	general	trends	of	the	observed




127.3	ka	and	126.3	ka.	Minor	events	of	climate	deterioration	 (lasting	~	0.5	kyr)	are	apparent	 in	all	 the	continental	δ18O	records	at	ca.123	ka,	ca.	119	ka	and	 ca.	 116	ka,	 seem	 to	have	 counterparts	 in	 a	western
Mediterranean	faunal	SST	record,	and	possibly	correspond	to	episodic	phases	of	AMOC	slowdown	with	episodic	cold	water-mass	expansions	and/or	changes	in	the	seasonal	ice-sea	cover	in	the	North	Atlantic.	Overall,
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